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Description

FIELD OF THE INVENTION

[0001] The present invention is related to methods for
scanning surfaces, for example for writing on the surfac-
es with a scanning laser beam. In particular, a system
for direct writing of patterns on printed circuit boards is
disclosed.

BACKGROUND OF THE INVENTION

[0002] Most printed circuit boards are produced by first
coating a printed circuit board substrate, having a solid
copper cladding, with a photoresist material. When se-
lectively exposed and developed, part of the photoresist
is removed and the remaining photoresist forms a pattern
corresponding to the light and dark areas of the illumina-
tion. After formation of the developed photoresist pattern,
the copper cladding is typically subjected to an etching
step in which that part of the copper cladding that is not
coated by the photoresist is removed.

[0003] In the main, one of two methods of selectively
exposing the photoresist is used. One method utilizes a
master, such as a film, on which the required pattern (or
its inverse) is formed. The photoresist coating is exposed
to strong illumination, through this film. The exposed
board is then developed and etched as described above.
For highly precise patterns with small object sizes, this
method has a number of significant drawbacks. Firstly,
the films may stretch or otherwise distort. This stretching
causes sometimes significant variations between the siz-
es and positions of the patterns formed on various layers
of a multilayer or double sided board. Second, the wear
and tear on the films requires frequent changing the films.
Third, any changes in the layout require a new set of films
and often several new sets of films. Finally, it is difficult
to compensate for small variations in sizing that occur
during processing of the boards.

[0004] A second method, which is the subject of the
present invention, utilizes a scanning laser beam to scan
the photoresist coating to write the pattern thereon. This
method is known as the "direct writing" method. In prin-
ciple, direct writing overcomes many of the drawbacks
of the prior art. In practice, conventional direct writing
methods often have problems of their own. In particular,
conventional direct writing systems are generally much
slower than the film exposure methods and require much
higher capital expenditure. Although, in principle, the ac-
curacy and resolution of direct writing is high, many prac-
tical considerations, such as the ability to speedily deliver
high energy radiation to expose the photoresists, have
limited the throughput as well as the actual accuracy and
precision of boards produced by conventional direct writ-
ing methods.

[0005] It is known in the art to scan a printed circuit
board with a plurality of beams to increase the scanning
speed of direct writing systems. In general such multi-

10

15

20

25

30

35

40

45

50

55

beam scanning is utilized in a number of fields such as
in the preparation of reticules for the printed circuit indus-
try and in electrophotographic printing machines. How-
ever, in such applications the power requirements are
low and the size of the objects scanned is generally rel-
atively small.

[0006] US patent5,635,976 describes a system forim-
proved feature definition in producing reticules. In this
system the reticule is scanned utilizing a beam address
at a resolution at least four times as high as the object
pixel resolution. A single laser scan line or multiple scan
lines are disclosed.

[0007] US patent5,495,279 describes a system for ex-
posure of patterns for very large device. In this device an
oval laser beam is used. The beam is segmented into at
least 100 parallel segments, each of which is separately
addressable, such that 100 lines of pixels may be written
together.

[0008] A further requirement of direct writing systems
is that the system know exactly where on the written sur-
face the beam is situated at any time. One way of making
this determination is to boresight a test beam with the
writing beam. The testbeam is separated from the writing
beam prior to the impingement of the writing beam on
the surface of the printed circuit board. A scale selectively
reflects a portion of the test beam. The reflected beam
is then detected and the detected signal is used as the
basis for a data clock. However, in order to provide for
ease of boresighting and especially for separation of the
boresighted beams, the beams are of different wave-
lengths. Unfortunately, beams of different wavelengths
are affected differently by the optics and do not track
perfectly. Furthermore, only a portion of the relevant path
is traversed by both beams and the -0 lens typically used
in such scanners is not fully traversed by both beams.
One such system is the LIS DirectPrint 40 of Laser Im-
aging Systems GmbH of Jena, Germany.

[0009] Generally, it is important to precisely position
the optical exposure of the photoresist (and the subse-
quent etched pattern) on the board. While this is not very
important for single sided inner layers of composite
boards for outer layers formed on already laminated
boards and for double sided boards, in which holes are
drilled to connect features within the board or on opposite
sides of the board or layer, the exact placement of the
patterns is imperative. This can be achieved by referenc-
ing the scan data to predetermined features, for example
for inner layers, referencing to features that appear on
both sides of the board. One such normally used feature
is a drilled hole. In general, an unwritten board has one
or more drilled holes present in the board, which holes
mate with pins on the scanner. For double sided inner
layers, scanning is thus referenced to the holes for both
sides of the board.

[0010] However, such a system is not wholly satisfac-
tory. The accuracy possible with pin alignment is rela-
tively limited, as compared with the required printed cir-
cuit element resolutions. Attempts to reduce the toler-
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ances of the holes to the pins results in damage to the
holes and subsequent poor alignment.

[0011] US-patent 5,342,715 discloses an apparatus
and a method for forming multiple color images on sep-
arate pitches of a photoreceptor belt and for registering
the images and avoiding exposure on the belt seam. A
photosensor is placed beneath each print bar of the ap-
paratus and a belt hole is formed on the belt surface. The
location of the belt hole is sensed to provide information
as to the location of the belt seam. The achieved infor-
mation serves for controlling the image exposure se-
quence for obtaining registration of the printed images.
[0012] US-patent 4,451,854 deals with detecting fea-
tures of paper in a copying machine in order to avoid a
paper jam, said features being possibly present holes
which could be misinterpreted by edge detection means
or light barriers.

SUMMARY OF THE INVENTION

[0013] Itisanobjectofthe presentinventiontoimprove
the accuracy of a method of determining the position of
a surface in relation to a scanning beam beyond the ac-
curacy obtainable with a pin alignment system of the kind
discussed before.

[0014] This object and further considerable advantag-
es are obtained with a method in accordance with claim
1 and claim 17.

[0015] Further developments and improvements are
characterized in claims 2 to 16 and claims 18 to 20.
[0016] Inaccordance with an aspect of some preferred
embodiments of the present invention, alignment of the
data to the board is with reference to through holes, as
in the prior art. However, unlike the prior art systems in
which the holes were mechanically aligned with the scan-
ner, in preferred embodiments of the invention, the holes
are optically aligned with the scan data.

[0017] In a preferred embodiment of the invention, the
system used for writing on the printed circuit board, in-
cluding the scan and cross-scan positioning mechanism,
is utilized for determining the precise position of the holes,
and hence of the board, onthe scanner table. In preferred
embodiments of the invention, the data is matched to the
position of the board by rotating the board to correct for
angular misalignment of the board with the data. Alter-
natively or additionally, selective delay of the scan line
data corrects for residual scan positional misalignment.
Preferably, cross-scan misalignment is corrected by de-
laying or advancing the data in the cross-scan direction.
Generally, all three corrections are carried out.

[0018] In an alternate preferred embodiment of the in-
vention, the data itself is transformed to the measured
coordinate system by rotating and translating the data to
match the measured position. However, it is difficult to
make these transformations on-line, so that the hybrid
alignment of the data with the position, described above,
is preferred.

[0019] In an aspect of some preferred embodiments
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of the invention, the size of the image to be scanned is
adjusted by comparing the actual distance between holes
in the board to a predetermined distance.

[0020] In some preferred embodiments of the inven-
tion, a scaling operation is performed in one direction. In
others, it is performed in both directions based on a dis-
tance measurement in one direction. In others, it is per-
formed in both directions based on distance measure-
ments in both directions.

[0021] Otheraspects of the invention will become clear
from the following detailed description of the invention,
together with the appended claims.

[0022] Thereisalso provided in accordance with a pre-
ferred embodiment of the invention, a method of deter-
mining the position of a surface in relation to a scanning
beam in a scanner, the method comprising:

providing the surface with at least two holes;
scanning the surface at least in the vicinity of the
holes with the beam;

detecting the beam when it is in positions at which
it passes through the holes;

determining positions, in a scanner reference frame,
of the beam at least at those positions where the
beam is at an edge of the hole; and

determining the positions of the holes, in the scanner
reference frame, based on a determination of the
positions of the edges of the holes. Preferably, the
position of the edges of the hole are determined over
the entire circumference of the holes. Alternatively
or additionally, the method includes:

determining a distance between the two holes;
comparing the determined distance to a design
distance; and

determining a scaling factor for data to be written
on the surface by the scanner from said com-
parison. Preferably, the method includes:

providing at least one additional hole in the
surface positioned non-colinearly with the
at least two holes;

determining the position of the at least one
additional hole;

determining a further distance between the
at least one additional hole and at least one
of the at least two holes;

comparing said further distance with a de-
sign further distance; and

determining at least one scaling factor for
datato be written on the surface by the scan-
ner from said comparison of the further dis-
tance and the design further distance. Pref-
erably, determining the position of a hole
comprises determining the positions of
points on the edge of the hole and comput-
ing the position of the center of the hole
based on the determined positions of the
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edge positions.

[0023] In a preferred embodiment of the invention, the
method includes comparing the positions of the holes to
a design position. Preferably, the method includes cor-
recting one or both of the position of the surface and the
positioning of data to be written on the surface based on
said comparison. Preferably, correcting comprises rotat-
ing the surface. Alternatively or additionally, correcting
comprises rotating the data. Alternatively or additionally,
correcting comprises translating the relative positions of
the surface or the data. Alternatively or additionally, the
method includes correcting the size of data to be written
on the surface based on said comparison.

[0024] In a preferred embodiment of the invention, de-
tecting comprises detection utilizing a same detector for
aplurality of holes and the detector receives energy pass-
ing through the holes via a light-guide. Preferably, light
is transmitted to the detector from a plurality of holes, via
a same light guide.

[0025] In a preferred embodiment of the invention, de-
tecting comprises detecting utilizing a different detector
for different holes.

[0026] In a preferred embodiment of the invention, the
surface is determined from the position of the at least
one hole. Preferably, the at least two holes comprise at
lest three asymmetrically placed holes and the side of
the surface is determined from the relative positions of
the holes.

[0027] Thereis also provided in accordance with a pre-
ferred embodiment of the invention, a method of writing
data in a scanner type writing system, comprising
providing data for writing on a surface;

measuring the position of at least two features on a sur-
face;

comparing a distance between the features to a design
distance;

scaling the data based on the comparison; and

writing the scaled data on the surface. Preferably, meas-
uring comprises measuring the position of at least three
non-collinear features and scaling comprises scaling in
two directions with different scale factors. Alternatively
or additionally, the features are through holes.

[0028] In a preferred embodiment of the invention, the
surface is the surface of a metalized printed circuit board
substrate coated with a photoresist material.

SHORT DESCRIPTION OF THE DRAWINGS

[0029] The present invention will be more clearly un-
derstood from the following detailed description of the
preferred embodiments of the invention taken together
with the following drawings, which partly show structures
not being part of the present invention but facilitate the
general understanding.

Fig. 1 is a schematic perspective view of a printed
circuit board direct writing scanner;

10

15

20

25

30

35

40

45

50

55

Fig. 2 is a schematic top view of the scanner of Fig. 1;
Fig. 3 is a schematic view of the scanner of Figs. 1
and 2inwhich the elements of the scanner are shown
without mounts and not to scale, for clarity of pres-
entation;

Figs. 4A-4D show four scanning schemes;

Fig. 5 is an exemplary curve relating scan overlap
to polygon speed, for various values of overlap, il-
lustrating a method for optimizing throughput of a
direct laser scanner;

Fig. 6A-6C illustrate an alignment compensation of
the scanner;

Figs. 7A and 7B show two functional views of the
main beam optics up to an acousto-optic modulator;
Figs. 8A and 8B show two functional views of the
main beam optics between the acoustooptic modu-
lator and the printed circuit board;

Fig. 9 is a simplified block diagram for a data control
system for a scanner;

Fig. 10A is an overall block diagram of portions of
the system of Fig. 9;

Fig. 10B shows an implementation of hardware logic
of Fig. 10A;

Fig. 11 illustrates the operation of a portion of the
circuitry of Fig. 10B in which data lines are sent to
acousto-optic modulators, based on scan control
signals;

Fig. 12 is a block diagram of apparatus useful for
providing a data clock;

Fig. 13 shows some clock pulses, useful in under-
standing the apparatus of Fig. 12;

Fig. 14 is a schematic drawing illustrating a method
for precisely determining the position of a printed cir-
cuit board in a scanner, in accordance with a pre-
ferred embodiment of the invention;

Fig. 15 shows ascanner systemincluding a universal
part of a vacuum chuck for holding printed circuit
boards as well as a specific adapter for holding a
printed circuit board;

Fig. 16 shows details of the permanent portion of the
vacuum chuck of Fig. 15;

Figs. 17A and 17B show side and top views respec-
tively of a part of the scanner used in determining
certain cross-scan errors; and

Figs 18A and 18B show a prior art acousto-optic
modulator and an acousto-optic modulator con-
structed in accordance with an advantageous further
development.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

SYSTEM OVERVIEW

[0030] Reference is made to Figs. 1-3, which show an
exemplary direct writing printed circuit board scanner 10.
Scanner 10 comprises a laser source 12, whose output
wavelength is suitable for exposing a photoresist coating.
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In a preferred embodiment of the invention, an Argon lon
type ultraviolet laser, operating at 351.1 and 363.8 na-
nometers and delivering a maximum power of 4.4 watts
has been found suitable. Such lasers are generally avail-
able and an Innova Sabre type laser of Coherent, Inc. of
California USA oraBeam Lock 2085 type laser of Spectra
Physics of California, USA, have both been found suita-
ble. Abeam 14 exits source 12 and is splitinto two beams,
a main beam 16 and a test beam 18, by a first beam
splitter (or partially reflective mirror) 20. As explained be-
low, main beam 16 (shown as a dashed line), is (even-
tually) used to scan and expose the photoresist on the
printed circuit board. Test beam 18 (shown as a dotted
line) is used to determine the scan position of main beam
16 and for certain other test and alignment functions as
will be described below. Preferably, splitter 20 and the
mirrors and other splitters described below are front sur-
face mirrors and splitters. Preferably, the mirrors and
splitters are dielectric front surface mirrors.

[0031] Since the power required for testing is much
lower than that for writing, beam splitter 20 preferably
reflects much more power than it transmits. Preferably
of the order of 99% of the power of beam 14 is reflected
into main beam 16. In the following explanation, the two
directions perpendicular to the propagation axis of the
beam are designated as the "scan direction" and the
"cross-scan direction". These directions correspond to
the direction of scanning of the writing beam and the di-
rection perpendicular to both the beam axis and the scan
direction, respectively. It should be understood that the
full import of this nomenclature becomes clear below.
[0032] Foreaseof explanation, the optical path of main
beam 16 is discussed first. Main beam 16 is passed
through a series of optical elements 22, 24, 25 and 26
whose function is to focus the beam on a modulating
surface within a modulator 28 after the beam'’s reflection
from a first mirror 30. For the exemplary embodiment of
Figs. 1-3, these elements are afirst cross-scan cylindrical
lens 22, a second cross-scan cylindrical lens 24, a first
spherical lens 25 and a first scan cylindrical lens 26.
Moreover, while beam 16 is substantially round after re-
flection from first splitter 20, it is oblong when it enters
modulator 28, being longer in the cross-scan direction
than in the scan direction. As the beam passes through
modulator 28, segments of the beam in the cross-scan
direction are independently modulated by modulator 28.
Such a beam may be considered to comprise a plurality
of separately modulated beams traveling side by side.
However, for ease of visualization only a single beam
path is shown for mainbeam 16. The cross-scan direction
is the vertical direction at the exit from modulator 28 (as
indicated by reference number 29 on Fig. 3.

[0033] Although the main beam is described, in the
preferred exemplary embodiment, as being a single
beam comprising a plurality of separately modulated sub-
beams, it is readily understood that, for some aspects of
the invention, beam 16 could be formed of a plurality of
discrete beams, produced, for example by beam splitters,
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a plurality of laser emitters or other suitable means.
[0034] It may be noted that, for this exemplary embod-
iment, first mirror 30 does not reflect main beam at 90°.
Rather, beam 16 is reflected from mirror 30 at an acute
angle and it impinges on modulator 28 at an angle differ-
ent from the angle with which it leaves the modulator.
Modulator 28 is preferably an acousto-optic modulator
as well known in the art and as described in "Design and
Fabrication of Acousto-optic Devices," pages 94 ff., ed-
ited by Akis P. Goutzoulis and Dennis R. Papa, published
by Marcel Dekker, Inc., 1994, which is incorporated here-
in by reference. After modulation, the beam must be fur-
ther optically processed, preferably through an anamor-
phic lens system, to prepare it for scanning. In the exem-
plary embodiment of Figs 1-3, the beam is first passed
through a second spherical lens 32, then successively
though a third cross-scan cylindrical lens 34, a third
spherical lens 36 and a fourth cross-scan cylindrical lens
38. Main beam 16 is then reflected from second third and
fourth mirrors 40, 42, and 44. After reflection from mirror
44, beam 16 is aimed at a facet of a rotating polygon 46.
The beam preferably passes through a compound lens
48 prior to impinging on polygon 46. As indicated below,
the z-position of lens 36 may be adjusted to (for example
by movement of a motorized mount, not shown) focus
the beam on different thicknesses of PC board. While all
the other lenses of the system may be simple fused silica
lenses, lens 48 is preferably a compound lens to correct
chromatic on-axis errors so that the focal points of the
two laser wavelengths (351.1 nm and 363.8 nm) in the
scan and cross-scan directions on the board coincide
more closely.

[0035] It will be noted from Fig. 1 that after passing
through lens 38, beam 16 is folded over by reflector sets
50 and 52 (not shown on Fig. 3 for simplicity of visuali-
zation). The object of these reflectors is to increase the
beam path length and increase the size of the beam,
such thatthe optical power density on the optical surfaces
is decreased.

[0036] It will be further noted that, for the exemplary
embodiment, the focusing in the cross-scan direction is
much greaterthan thatinthe scan direction. Ina preferred
embodiment of the invention, beam 16 is focused in the
cross-scan direction on the facet which reduces errors
caused by polygon wobble and is defocused (collimated)
inthe scan direction such that the facet is well underfilled,
so as not to lose power.

[0037] Turning to the path of test beam 18. After pass-
ing through first beam splitter 20, testbeam 18 is reflected
by a fifth mirror 54 such that its path is preferably sub-
stantially parallel to that of main beam 16. A beam rotator
55 preferably rotates beam 18 by 90° about its axis for
reasons that will be understood later. Other than the ro-
tation, the rotator, which may be a series of mirrors, pref-
erably does not change the axis of beam 16.

[0038] A portion 56 of beam 18 is split off the test beam
by a second splitter 58 and directed toward laser align-
ment apparatus 60, whose operation is described below.



9 EP 1 569 037 B1 10

In a preferred embodiment of the invention, splitter 58 is
a 50-50 splitter, although substantially different ratios
may be used. Beam 18 passes to the side of a sixth mirror
62 and impinges on a seventh mirror 64 which reflects it
so that it is preferably substantially parallel to beam 16,
after that beam leaves modulator 28. It will be noted that
beams 16 and 18 are relatively far apart on this leg of
their path. Beam 18 is subjected to focusing in the cross-
scan direction by Two cylindrical lenses 65 and 66. A
mirror pair 68, 70 reflect beam 18 so that it too is reflected
by mirrors 42 and 44 toward polygon 46 via lens 48. How-
ever, beams 16 and 18 are no longer parallel when they
reach mirror 42. Mirror 70 is preferably placed at an angle
such that beams 16 and 18 are traveling at an angle,
towards each other. Preferably, the angle is such that
the beams are substantially coincident at the facet of pol-
ygon. After reflection from the facet, they diverge.
[0039] It will be noted that beams 16 and 18 preferably
lay in a vertical (cross-scan) plane as they leave mirror
42. This assures that they will scan at substantially the
same scan position after reflection from the polygon fac-
et. Beam 18 is thus, for example, above beam 16 prior
to impingement on polygon 46 and below beam 16 after
reflection from polygon 46.

[0040] Unlike main beam 16, which underfills a single
facet, test beam 18 is preferably focused at the facet, in
the cross-scan direction and overfills more than two fac-
ets in the scan direction. When the polygon rotates, main
beam 16 is traced on the facet as described below. At
the same time, the facet cuts part of beam 18 out of the
total beam. As test beam 18 is Gaussian, the total power
of this cut part changes with scan angle.

[0041] Scanning optics 72 focuses both beams as they
are scanned across optics 72 by polygon 46. In general,
optics 72 is spherical optics such that it substantially fo-
cuses both beams in the scan and cross-scan directions.
The beams are reflected by a scanning mirror 74 toward
alens 76. Beam 16 impinges a photoresist coated printed
circuit board 78 after passing through a cylindrical (cross-
scan)lens 82. Lens system 72 together with lens 76 forms
a quasi-f-0 optic system that converts the angular varia-
tion imparted to the beam by the polygon to linear move-
ment across the board.

[0042] Beam 18, which has meanwhile diverged from
beam 16, impinges on a scale 80 without passing through
cylindrical lens 82. It should be noted that the scan po-
sition of beams 16 and 18 are substantially identical such
that a measurement of the scan position of test beam 18
defines the position of beam 16.

[0043] Scale 80 is preferably oriented at a slight angle
(about the scan direction axis) from the normal of the
direction of beam 18. In this way, while beam 18 is re-
flected from the scale in almost the same direction as it
arrived at the scale, a slight angle is introduced between
the incoming and reflected beams. For clarity of exposi-
tion, the reflected beam is denoted as beam 18’ in the
description and in the drawings, where feasible.

[0044] Beam 18 passes through lens 76, mirror 74,
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optics 72, polygon 46, lens 48, mirrors 44, 42, 70 and 68
and through lenses 66 and 65 to mirror 64. By the time
the beam reaches mirror 62, beams 18 and 18’ are sep-
arated such that mirror 62 intercepts beam 18 and re-
flects it, through a lens 85, to a detector 84. Detector 84
detects modulation imposed on the beam by markings
on scale 80. These detected signals, which contain in-
formation on the position of scanning beam 16, are pref-
erably used to control the modulation of beam 16 by mod-
ulator 28, as described below.

[0045] Returning now to beam 56 that is derived from
test beam 18 by splitter 52. Beam 56 impinges on a beam
splitter 86, preferably after passing through a first spher-
ical lens (not shown). One portion of the beam is sent,
preferably after passing through a second spherical lens
(not shown) to a first quadrapole detector 88. The first
and second spherical lenses project the waist of the laser
beam onto detector 88, such that signals from detector
88 indicate deviations of the beam in scan and cross-
scan dimensions.

[0046] A second portion of beam 56 is sent by beam
splitter 52 to a second quadrapole detector 90, via a pair
of lenses (not shown, for clarity). The pair of lenses is
configured to operate as an -6 lens, such that signals
from detector 90 show angular deviations in both the scan
and cross-scan directions. Preferably, circuitry 91 re-
ceives the signals and passes them to a system control-
ler.

[0047] When the system is originally aligned, the de-
tectors are positioned and adjusted such that their devi-
ation signals are all zero. When the laser is replaced, the
entire system need not be realigned. It is sufficient to
place the laser in its mount and to adjust its height and
angular positions such that both detectors 88 and 90 pro-
duce a zero deviation signal. Such a zero deviation signal
will be produced only when the laser is appropriately
aligned to produce a beam having precisely the same
beam path as the laser with which the system was orig-
inally aligned. The result of aligning the laser is that the
entire system is aligned.

[0048] Preferably, the system is mounted on a synthet-
ic granite base 92, for stability. Many of the components
are preferably mounted on rails 94, utilizing mounting
methods as described in a co-pending PCT patent ap-
plication entitled "Optical Alignment and Mounting Sys-
tem," the disclosure of which is incorporated herein by
reference, filed on even date as the present application,
in the European Patent Office as PCT receiving office.
This mounting scheme allows for the easy replacement
of components without realignment of the entire optics,
or even of the replaced component.

BEAM MODULATION

[0049] Asindicated above, main beam 16 is piecewise
modulated by modulator 28. In general, the present in-
vention contemplates writing of very small elements with
very high accuracy. In general, features (such as lines)
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having an extent of less than about 50 micrometers (2
mil) are to be written.

[0050] Tothisend,thebeamismodulated at modulator
28 such that, when the modulated beams are projected
onto the printed circuit board, they form spots having a
center to center spacing of one-eighth of the minimum
feature size to be written. However, it should be noted
that, while the center to center spacing is about 6.35 mi-
crometers (0.25 mil), the spot size of the individually ad-
dressed scan lines, due to diffraction and other optical
effects, is generally poorer, namely about 19 microme-
ters (0.75 mil). It should be noted that the beam is ad-
dressable at the scan line resolution of every 6.35 mi-
crometers (on the board). The result of these dimensions
allows for the achievement of high fidelity patterns of 2
mil feature size with sharp edges and exact line-width
control. In practice, in a preferred embodiment of the in-
vention, scan line positions on the board corresponding
to the addressable modulated beam segments are pref-
erably scanned a plurality of times.

[0051] Figs.4A-4D show four scanning schemesin ac-
cordance with preferred embodiments of the invention.
In each of these Figs., cross-scan is from left to right.
Note that only a single line in the scan direction is shown.
The upper line represents the scan line number (on the
printed circuit board) and the scan line data being written.
The scan lines for which exposure is desired are shown
shaded, and those for which no data is to be written are
shown without shading. In the example shown scan lines
7-10, 19-26 and 31-34 are to be exposed and the other
lines are not.

[0052] The lower lines represent successive scans
and the numbers represent the modulated beam seg-
ments (the corresponding modulator channel number for
each scan). The beam extends over 24 modulator (=scan
line) channels. In each case, a channel will have the data
corresponding to the index in the upper line written in it.
For ease of visualization, the channels which transmit
the beam to expose the PC board, are shown shaded,
while those that are not are shown white.

[0053] Fig. 4A shows a first exemplary scheme, re-
ferred to herein as a 2x overlap, since each scan line is
written twice. Fig. 4A shows three swaths of the scan. In
this particular scheme, when the swath of the scan lines
is 24 scan lines wide, for 2x overlap, the swath advances
12 scan lines for each scan. For the first scan (only a
portion is shown) modulators 17-20 pass the beam for
writing. For the second scan at the same scan position,
shown in the next line, modulators 5-8 and 17-24 pass
the beam for writing. For the third scan at the same scan
position, shown in the next line, modulators 5-12 and
17-20 pass the beam for writing. For the fourth scan at
the same scan position, shown in the next line, modula-
tors 5-8 pass the beam for scanning. In the [referred ex-
emplary embodiment, itis noted that the lines in the beam
are not interlaced when the swathes overlap.

[0054] Figs. 4B-4D show 3x overlap (where the swath
advances 8 scan lines for each scan), 4x overlap (where
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the swath advances 6 lines for each scan) and 6X overlap
(where the swath advances 4 lines for each scan), re-
spectively. It should be understood that 12x overlap and
24 x overlap are also possible.

[0055] It should be understood that only one line of
data along the cross-scan direction is shown. This rep-
resents data for a single scan position of the swath. As
the swath advances, the data is changed such that the
modulation is in accordance with the requirements of the
pixels being scanned at the particular scan position.
[0056] In a preferred embodiment of the invention a
combination of scan-overlap and polygon speed are used
to provide optimum exposure for the photoresist at max-
imum available writing speed and to maximize the utili-
zation of energy provided by the beam. In this preferred
embodiment of the invention, the scan overlap and pol-
ygon speed are varied (for different sensitivities of pho-
toresist) to provide a desired exposure energy of the pho-
toresist. Preferably, the laser power is set at a fixed, pref-
erably an optimum (maximum or near maximum) power
level. Fig. 5 shows a series of curves relating polygon
speed and exposure energy for various scan overlap lev-
els as a parameter for the curves. The curves are based
on a scanning length of 24". For very high-speed pho-
toresist, it may be necessary to reduce the power of the
laser. However, over a large range of photoresist speeds,
as shown in Fig. 5, throughput may be optimized, by ad-
justing polygon speed and swath overlap while keeping
the laser power at the desired optimal level.

[0057] It will be noted that just using 2x, 3x and 4x
overlap schemes allows for 3x variation of delivered en-
ergy for only a 3:2 ratio of polygon speeds. Since the
power is kept at a constant optimum (maximum or near
maximum) power level, each of these exposures is per-
formed at the maximum speed at which the scanner is
capable. Furthermore, by utilizing 6x, 8x, 12x and 24x
overlap, the range of exposure energy variations can be
much larger, while the power of the laser (and the expo-
sure duration) are optimized.

[0058] In a further preferred embodiment of the inven-
tion, automatic compensation is provided for cross-scan
off-set of the laser beam at the modulator. Figs. 6A-6C
illustrate one methodology of providing such automatic
compensation. In particular, while the beam illuminating
the modulator is 24 physical (scan line) pixels wide, the
modulator provides several extra physical channels of
modulation on each side of a central 24 pixel portion. In
Figs. 6A-6C, the channels are shaded in the same way
as they are in Figs. 4A-4D and represent modulator set-
tings for the lower lines.

[0059] Figs. 6A-6C show the channels numbered as
1-24 with four extra channels -1, -2 and +1 +2 at either
end of the modulator. Note that each channel provides
modulation in accordance with the line that would be
scanned if power were present in the beam at the mod-
ulator, namely, the x-axis scan line position.

[0060] In Fig. 6A, the beam, shown by a bold outline,
is correctly placed. Thus, for the 2X overlap shown, the
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result is the same as that in Fig. 4A. In Fig. 6B, the beam
is mispositioned on the modulator by two scan lines to
the left. Note that scan positions 25 and 26, which were
written in Fig. 6A, by modulator positions 23 and 24 in.
the first swath and modulator positions 11 and 12 in the
second swath are now written by positions 11 and 12 in
the second swath and by -1 and -2 in the third swath. It
will be noted, that while each swath may be misposi-
tioned, each line is scanned the proper number of times
and with the proper data. Fig. 6C shows the beam mis-
positioned by two scan lines to the right. Again, the scan
power and data are conserved. Thus, by providing more
channels of modulation than are necessary for the actual
swath width, the cross-scan positioning of the beam in
the modulator (and its long term stability) are made less
critical.

[0061] It should be noted that, in a preferred embodi-
ment of the invention, the energy profile of main beam
16 is not uniform in either the scan or cross-scan direc-
tions. In both directions it has a Gaussian or near Gaus-
sian shape. Allowing the beam to have the Gaussian
shape in the cross-scan direction increases the overall
efficiency of the system, since only the extreme tails of
the beam (below 1/e2 of the peak power) are not used
(or atleast are not taken into consideration). If each pixel
would be written by a single scan line, this would result
in varying exposures for different pixels. However, since
each scan line on the PC board is written at least two
(and usually more) times utilizing different portions of the
cross-scan beam swath, the total amount of power de-
livered to the photoresist is fairly constant even though
most of the Gaussian cross-section of the beam is used.
Furthermore, since each of the individually modulated
scan lines is about three times smaller than the diffraction
limit, as described earlier, there is a further homogenizing
of the power to written lines.

THE MAIN BEAM OPTICAL SYSTEM

[0062] In accordance with preferred embodiments of
the invention, an improved optical system is provided.
This optical system can be subdivided into two parts, in
accordance with their different functional tasks: the Mod-
ulator lllumination System, and the Modulator to Printed
Circuit Board Imaging System. The system can also be
subdivided into pre-scanning optics and scanning optics.
The pre-scanning optics comprises all lenses, situated
between the laser and the polygon. The scanning optics
comprises the optics between the polygon and the board
plane. This division is desirable because of the very dif-
ferent requirements for these two parts. The elements of
the pre-scanning optics are small in size, since the beam
is small. However, the power density is high which may
cause problems.

[0063] For the scanning optics the requirements with
respect to beam size and power density are generally
reversed.

The Modulator lllumination System transforms the
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beam from the laser head to the modulator in accordance
with the optical requirements of the laser waist transfor-
mation, which is well known in state-of-the-art laser op-
tics. As a result, the modulator channels are illuminated,
preferably with a Gaussian energy distribution having dif-
ferent extents in the scan- and cross-scan directions. The
beam is preferably collimated by this optics so that the
laser waist is at or near the modulator.

[0064] In a preferred embodiment of the invention an
improved laser illumination system is provided. Figs. 7A
and 7B show the portion of the main beam optics, up to
modulator 28. These elements are shown above in Figs.
1-3 however, Figs. 7A and 7B show adjustments that can
be made to these elements, as required. Fig. 7A shows
a view of the system from above. In this view, the scan
direction is from top to bottom. Fig. 7B shows the beam
viewed from the side, with the cross-scan direction from
top to bottom.

[0065] The portion of the optical system shown in Figs.
7A and 7B consists of four lenses (22, 24, 25 and 26)
with different and combined optical power in scan and
cross-scan direction. In a preferred embodiment of the
invention, lenses 22 and 24 are identical cylindrical lens-
es with an optical power in the cross-scan direction, lens
25is a spherical lens and lens 26 is a cylindrical lens with
an optical power in the scan direction.

[0066] Lenses 25 and 26 are effective as a dynamic
beam expander in the scan direction. By moving lens 26
along the optical axis, the size of the beam at the mod-
ulator, in the scan direction, can be increased or de-
creased. This feature is effective to compensate for in-
dividual differences and changes during the lifetime of
the laser source, such as its waist diameter, waist position
and beam mode purity (M2). It allows for a compromise
between the requirements for high diffraction efficiency
of the modulator (i.e. transmission of the beam by the
modulator) which requires a larger scan direction beam
size and the requirements for application of the "scoph-
ony effect" which requires a smaller scan direction beam
size. The scophony effect is used to decrease or remove
blur of generated edges in the scan direction of flying
spot scanners. It is explained below and in the above
referenced "Design and Fabrication of Acousto-Optic De-
vices", on pages 190-192, and in US patent 4,205,348,
the disclosures of both of which are incorporated herein
by reference.

[0067] Lenses 22,24 and 25 act as a combined beam
expander vario and beam steering system for the cross-
scan direction. By moving lens 22 along the optical axis,
the size of the beam at the modulator is changed but it
is de-collimated. By moving lens 24 in the opposite di-
rection, the beam, is re-collimated.

[0068] By moving the lenses 22 and 24 in the cross-
scan direction, out of axis, the beam can be steered with
respect to local placement and angle of the optical axis
at the modulator. In a preferred embodiment of the in-
vention, beam angle and location are measured using
light guide 152 described below. For clarity, a preferred
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methodology of performing these measurements is de-
scribed in a section below, titled "Determination of Cross-
Scan Errors". If "p" and "a" are measurements of local
and angular shifts of the beam, the steering information
is: Ay= c+p + d*a for lens 22 and Ay= e*p + fxa for lens
24, where c, d, e and f are constants dependent on the
optical design. Correction of this type is especially im-
portant if the modulator only has the same number of
segments as are required for writing. If a modulator with
extra channels, as described in conjunction with Fig. 6
is used, the beam positioning requirement is less exact.
[0069] Suchabeamexpandervarioandbeam steering
system is needed to compensate for variations caused
by thermal changes or changes in laser resonator con-
ditions of an electrical or optical nature during daily usage
cycles or during the lifetime of the laser. If these variations
are not corrected, the generated pattern deteriorates. In-
appropriate size or local placement of the beam at the
modulator leads to uneven power distribution due to the
2x-24x overlapping procedures as described above and,
consequently, to increased line-width variation or edge
roughness of the generated pattern. Inappropriate angu-
lar variation lead to power losses due to cutting parts of
the beam at a Numerical Aperture Stop of the exposure
system or to unsymmetrical effects at the edges of the
generated pattern.

[0070] In the preferred embodiment as described
above all these deteriorating effects for the generated
pattern are preferably prevented.

The Modulator-Printed Circuit Board Imaging Sys-
tem is responsible for transmission of an image of the
modulator to the printed board plane.

[0071] In a preferred embodiment of the invention, the
focus of the laser beam on the PC board is optically ad-
justable. Of course, focusable optical systems are
known. However, complicated scanners such as those
of the present invention are generally of fixed focus. This
is not surprising considering the manifold requirements
on the system and the (generally) different focusing
schemes for the scan and cross-scan directions. Itis also
noted that the object must be moved only a relatively
short distance to bring it into focus. However, the present
inventors believe that for high accuracy, the mechanics
should be as simple and robust as possible.

[0072] In order to allow for such focusing, the system
requirements such as high total laser power transfer ef-
ficiency, high resolution and high fidelity pattern gener-
ation must be taken into consideration.

[0073] Figs. 8A and 8B shows a functional schematic
of the preferred embodiment of the invention. As with
Figs. 7A and 7B, Figs. 8A and 8B represent views along
the cross-scan and scan directions respectively.

[0074] The modulator-board imaging system consists
of several modular units. The starting point of the imaging
system is acousto-optical modulator 28, which preferably
is a multi-channel modulator. The center position of the
acousticwave on the optical axis is regarded as the object
plane. Type AOMC 117/24-UV acoustic modulator from
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Crystal Technology, Inc. is an available 24 channel mod-
ulator, suitable for some preferred embodiments of the
invention.

[0075] In the scan direction (Fig. 8A), a first modular
imaging unit consists of spherical lenses 32 and 36, which
forms a first image of the modulator plane(object plane)
at a plane 39. A second modular imaging unitimages the
image at plane 39 to the plane of the PC board 78. The
second modular unit comprises spherical lens 48 and the
spherical part of the scanning lens system 72 and lens
76. Consequently, between polygon 46 and board plane
78, the optical system works as a quasi f-0 lens which is
preferably telecentric. A physical stop 31 is shown be-
tween lenses 34 and 36. This stop made large enough
so that it does not limit the scanning numerical aperture
in this direction which is defined by the rotating facets of
the polygon. Its main function is to stop the directly trans-
mitted beam from modulator 28 from entering the optical
system. A physical stop 31’ in the cross-scan direction
does define a numerical aperture in this direction.
[0076] To achieve steep side walls of the generated
pattern and high power efficiency, the scophony effect
and facet tracking as known in the art are preferably used.
A requirement for the scophony effect is that the acoustic
velocity of the switching information in the modulator me-
dium - reduced by the reduction ratio of the optical system
between modulator and board - is equal to the scan speed
of the writing spot on the board, but in the opposite di-
rection. This leads to "standing" data information on the
predetermined place on the board. As the acoustic ve-
locity for quartz material which is used as an optical me-
dium in the modulator is 5.7 km per sec and the scanning
speed is 0.270 km per sec (= 1700 RPM polygon speed
- see Fig. 5) a reduction ratio of about 21x is required. If
this reduction ratio is fixed, each difference of the scan
speed from 0.270 km per sec (as required to achieve
optimum scan times) leads to blur at the pattern edges.
The magnitude of the blur at different scan speeds can
be reduced by reducing the size of the illumination beam
at the modulator. But reduced size results in increased
divergence and, consequently in reduced diffraction ef-
ficiency of the modulator.

[0077] The beam size to 1/e2 at the polygon is smaller
than the facet width. The facet itself acts as a Numerical
Aperture stop for the scan direction and, as the rotation
of the polygon deflects the beam, the aperture moves. If
the beam to the polygon were fixed in position, the move-
ment of the polygon would result in a reduced power over
the scan. This can be compensated for by changing the
carrier frequency of the modulation signal at the modu-
lator, to cause an angular change of the optical axis at
the modulator, leading to a parallel shift of the beam at
the polygon. The modulation frequency is changed such
that the beam is traced synchronously with the rotation
of the facet (facet tracking).

[0078] Facet tracking improves the cycle time efficien-
cy compared with other methods (see Goutzoulis et al.,
page 182 ff.) to about 99%. As it is known in the art,
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maximum diffraction efficiency (transmission) at the
modulator is reached, if the incident ray and the acoustic
wave front form a special angle - the Bragg Angle. As
the Bragg Angle only depends on wavelength of the
beam, acoustic velocity in the optical medium and carrier
frequency of the modulation signal, the beam adjustment
can only be optimized for one frequency. This is generally
chosen as the center frequency of the sweep. For the
outer positions of the sweep, the diffraction efficiency de-
creases, reducing the power delivered to the board, in
those positions. A preferred embodiment of the invention
compensates for this effect optically and consequently,
equalizes the power distribution along the scan. This is
accomplished by focusing the beam in the cross scan
direction on the polygon and also on the board. Thus,
small angular cross-scan changes in the beam direction
caused by wobble do not resultin movement of the beam
position on the board.

[0079] Turning to Fig. 8B, in the cross-scan direction
spherical lenses 32 and 36 and the cylindrical lens 34
are a modular imaging unit with a real focus close to that
for the scan direction, with cylindrical lens 38 removed.
With lens 38 in the system, the cross-scan focus at plane
39 turns to a virtual focus. Together with spherical com-
pound lens 48 a real second image is formed at or near
the polygon facet only for cross-scan direction. The im-
age size in cross-scan is many times smaller than the
facet height. A third modularimaging unit from the second
image to the board plane consists of the spherical part
ofthe scanning lenses (72 and 76) and cylindrical lens 82.
[0080] This third modular unitis responsible for the pol-
ygon wobble compensation, because angular variations
of the facets, which are near the second focus are trans-
mitted to the board plane as angular variations as well,
not as local position variations. However, imperfections
in the optics do cause systematic deviations in the cross-
scan position of the beam as it scans along its scan path.
These deviations can be compensated as described be-
low. The reduction ratio of the entire cross-scan imaging
system from the modulator to the board is predetermined
by the required data resolution. In the preferred embod-
iment of the invention, the width of a single modulator
channel of 375 micrometer as the smallest addressable
unit is reduced to 6.35 micrometer in accordance with a
required address resolution of 4000 DPI (dots per inch).
As aresult areduction ratio of 59x is chosen for the cross-
scan direction.

[0081] Inapreferredembodimentoftheinvention, both
the scanand cross-scan directions have practically a joint
image plane (firstimage of modulator plane) intermediate
between modulator and printed circuit board. It should
be noted, that the image planes can differ by a small
amount. Preferably, both beam directions were brought
to focus by a single element, which is lens 36. The re-
duction ratio from this point to the board plane is equal
for both directions. In this manner, simple axial move-
ment of lens 36 allows for a nearly equal change of focus
for both the scan and cross-scan directions. The gear
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ratio between the focusing lens 36 to the focus shift at
the board is decided by the reduction ratio from first focus
39 to board plane 78.

[0082] In an exemplary system, according to a pre-
ferred embodiment of the invention, the following reduc-
tion ratios are chosen:

Scandirection: Modulator-to-firstimage: 12.35x; first
image-to-board: 1.7x; and modulator-to-board: 21x.
Cross-scan direction: Modulator-to-first image:
34.7x; Firstimage-to-second image: 0.113x; second
image-to-board: 15x; firstimage-to-board: 1.7x; and
modulator-to-board: 59X

[0083] As indicated above, in order to improve the ac-
curacy and edge resolution of the beam in the scan di-
rection, facet tracking and scophony are used in modu-
lator 28. However, this causes the beam deflection angle
in the modulator to vary. In turn, this causes the power
in the beam to vary, since the modulator efficiency is a
function of the deflection angle. This results in the power
being non-uniform across the scan. To correct for this
phenomena, the f-0 lens is a lens in which x = f(8), where
f(0) is a compensating function which slows down the
beam where the power is low, namely at the ends of the
scan. Generally, a simple quadratic correction, x = f;*0
+f,#63 is sufficient to effectively compensate for the pow-
er non-uniformity, where f, is the center focal length and
f, preferably is a negative number.

ACOUSTO-OPTIC MODULATOR FOR MULTIPLE
WAVELENGTHS

[0084] Fig. 18A shows an available modulator 28, such
as the above referenced commercially available modu-
lator. In modulator 320, acoustic waves are generated at
a transducer 322 and form the pattern which is used to
diffract input beams 324 and 326. As indicated above,
the presentinvention contemplates using a laser with two
spectral lines. For efficiency, both lines should be used.
However, as shown in Fig. 18A this would result in dif-
fracted beams 324’ and 326’ at the two wavelengths hav-
ing different exit angles, since they are refracted differ-
ently as they enter and leave the modulator and since
their Bragg angles are different.

[0085] Fig. 18B shows a proposed solution to this split-
ting of the lines when they leave the modulator. In mod-
ulator 28’ of Fig. 18B, the modulator entrance and exit
faces are not parallel. Rather they are at an angle which
is designed such that the difference in refraction for the
two beams (at the different wavelengths) at the input and
output faces is exactly equal and opposite to the differ-
encein Bragg angles forthe beams. Thus, the two beams
which enter together, exit together.

[0086] Itis noted thattransmitted beams 324" and 326"
have different exit angles. However, since only the dif-
fracted waves are used in the present system, this is not
of interest. However, for systems which use the trans-
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mitted beams rather than the diffracted ones, a comple-
mentary angle between the input and output faces will
result in the beams leaving at the same angle for trans-
mission. Of course, this will increase the deviation for the
diffracted beams.

SCAN DIRECTION POSITION MEASUREMENT

[0087] One of the most critical elements in accurate
direct laser writing of PC boards is knowledge of the po-
sition of the beam on the PC board. This knowledge al-
lows for the proper modulation of the beams (or more
precisely, the scan lines) with correct data, at the position
of the scan lines. The PC board moves in the cross-scan
direction and the beam scans in the scan direction. Thus,
the position of the beam may be completely determined
from knowledge of the cross-scan position of a table 79
onwhich PC board 78 is mounted and of the scan position
of the beam.

[0088] Itis straightforward to determine the cross-scan
position of the table. Any of the well-known encoders
known in the art may be used. In a preferred embodiment
of the invention, the table is transported along two x-
shaped rails 96 and an optical encoder is used for the
measurement. A scale 98, associated with the encoder
is shown in Fig. 1. In a preferred embodiment of the in-
vention, a type LIE 5 by encoder system Numerik Jena
GmbH, Jena, Germany; (accuracy 2um, resolution
0.2um) is used. Preferably, the cross-scan position
measurement is made to an accuracy of = 2 or 3 mi-
crometers and a resolution of = 0.1 micrometers, al-
though other resolutions and accuracies may be used,
depending on the system requirements.

[0089] Itshould be noted that each feature on the print-
ed circuit board is written by several segments of beam
16. Thus, knowledge of the cross-scan position can be
used to determine modulation of the beam to a positional
accuracy greater than the minimum required feature size.
The data position may be adjusted to a positional accu-
racy equal to the scan line spacing, which is generally
much smaller than the required accuracy.

[0090] Itis more difficult to determine the scan direction
position of the beam with great accuracy. This problem
is made somewhat more difficult by the use of a scan
speed that varies with position, since this requires more
precise control over the data stream from the data source.
[0091] Fig. 9 is a simplified block diagram for a data
control system 100, for a scanner in accordance with a
preferred embodiment of the invention.

[0092] Control system 100 receives signals from de-
tector circuitry 84. These signals represent the variations
in power of beam 18’ as modulated by the markings on
scale 80. In general, these markings produce an analog
signal (the "optical clock") with a relatively low pulse rate,
much lower than the data clock rate for the system. A
clock generator 102 generates an X-clock (data clock)
and a start of scan signal from the scan position detector
signal. A preferred method of generating the x-clock from
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the scan signalis described below. The following features
of the clock should be noted however:

1) The average x-clock rate is preferably not constant
over the length of the scan.

2) Data is sent to modulator 28 based on the instan-
taneous x-clock count and the start of scan signal.
It should be understood that while the data is sent
to the modulator in response to the x-clock, there is
no data sent except at times for which the beam is
in a correct position for writing onthe PC board. Thus,
for periods during which the beam changes facets
or during the beginning or end of the scan, when the
beam is not in a writing position, no data is sent to
the modulator, which is shut off.

[0093] Clock generator 102 sends an x-clock signal
and a start of scan signal to a data base 104, which con-
tains a binary map of the PC board to be scanned. Alter-
natively, the data could be in vector form and could be
transformed to raster form on-line. This data is preferably
in compressed form. The generation of the start of scan
signal may be based on a separate detector, which sends
a start of scan signal (not shown) to the clock generator.
Preferably, the start of scan signal is based on the scan
signal itself, for example by long signals generated at the
beginning and/or end of a scan.

[0094] Clock generator 102 also sends a y-synch sig-
nal to a controller (not shown) This controller controls
movement of the table in synchronism with the y-scan
signal. This signal, which is synchronized with the start
of scan, provides a means for synchronizing the position
of the table with the data stream.

[0095] Data base 104 send a plurality of scan lines of
data to a multi-line data buffer and scan line generator
106. Preferably, multi-line data buffer 106 contains all of
the lines of data required for the present scan and for the
next scan.

[0096] Based on a cross-scan position signal and PC
board position information, the multi-line data buffer and
scan line generator generates scan line data and trans-
fers the scan line data to scan line buffers and control
108. This data is fed to the various modulators one bit at
atime in response to the clock, starting at a time depend-
ent on the start of scan signal.

[0097] It should be understood that Fig. 9 represents
only afunctional block diagram and a variety of apparatus
and methods for carrying out the functionality of Fig. 9
will occur to persons of skill in the art. Furthermore, some
of the functions associated with one of the block may be
carried out by another of the blocks or blocks may be
combined in practice. Furthermore, all or some of the
functions may be carried out in hardware, software or
firmware or in combinations of hardware, software or
firmware and/or on general or special purpose comput-
ers. In general however, for very fast systems, dedicated
hardware systems are desirable. Such systems will gen-
erally use hardware data decompression, FIFOs for hold-



21 EP 1 569 037 B1 22

ing the data, switches for switching the data from the
FIFOs to the beams and programmable delays for de-
laying the data based on the position of the printed circuit
board. A general view of such a system (for generation
of 36 scan lines, only 24 which are actually written to the
acousto-optic modulator (AOM) and 12 lines of which are
used for the cross scanning correction, described below)
is shown in Fig. 10A shows an overall block diagram of
buffer/generator 106 and scan line buffer and control 108,
in accordance with a preferred embodiment of the inven-
tion. Fig. 10B shows an implementation of the hardware
logic of Fig. 10A. Fig. 11 illustrates how the fast switcher
of Fig. 10B is operative to control which data lines are
sent to the AOMs, based on the scan control signals de-
scribed above. The system allows for up to a 6 scan line
offset for the modulator signals in each direction.
[0098] It should be noted that the fast switcher shown
in Fig. 11 allows for the correction of cross-scan errors
that are related to scan position. Such errors may be
caused, for example, by residual aberrations in the scan-
ning optics. Such errors do not change with time and can
be measured once in the lifetime of the scanner. These
errors are stored in a memory and form the basis for
signals to the fast switcher.

[0099] In particular, Fig. 11 shows 36 data input
streams, shown in Fig. 11 as beams entering the switch-
ing system and 24 output data streams, each corre-
sponding to a beam modulation channel in modulator 28,
leaving it. (For the system of Fig. 6, 30 beams would
leave the system.) The incoming data streams corre-
spond to a given scan line on the board according to
according to its nominal position. Also shown in Fig. 11
are three boxes 310-312 which designate three exem-
plary "positions" for the switcher. Each box 310-312 cor-
responds to an exemplary cross-scan offset position of
the beam on the board for the given scan position, such
as may arise due to imperfections in the scan optics. In
position 310, the cross-scan offset is zero. In this case
input lines N=0 to N=23 are sent to the modulator. A
reference 311 designates the situation in which the beam
is offset by two scan lines in the cross-scan direction. To
compensate, inputlines N=2to N=21 are sent to the mod-
ulators so that sub-beams are modulated by data from
these inputlines. This assures thateven though the beam
moves in the cross-scan direction during the scan, the
information is written in the proper positions on the board.
Similarly a reference 312 represents the situation in
which the offset is in the opposite direction by one scan
line, such that input lines N=1 to N=24 are sent to the
modulator.

[0100] Fig. 12 is a schematic drawing of clock gener-
ator 102 circuitry for producing the X-clock, in accordance
with a preferred embodiment of the invention. While this
circuitry and the method it performs are preferred, it
should be understood that other methods of producing a
high rate clock from a low rate signal, as known in the
art, may be used in other embodiments of the invention.
Fig. 13 illustrates clock signals useful in understanding

10

15

20

25

30

35

40

45

50

55

12

the operation of clock generator 102.

[0101] The optical clock signal from detector circuitry
84 is used to provide a locking signal for a PLL and VCO
140. PLL and VCO 140 form a loop with a division by 16
circuit 142 to produce a VCO signal based on a PLL signal
which is similar to the optical clock. The PLL clock differs
from the optical clock (opt-clock) in the following ways:

1) The PLL-clock is more stable (very short term)
than the opt-clock.

2) The PLL clock has sharper and more stable tran-
sitions than the opt-clock.

3) The PLL-clock is continuous. The opt-clock dis-
appears during facet switching. When the opt-clock
reappears, the PLL locks the PLL clock to the opt-
clock. For several cycles a phase difference may ex-
ist. However, no data is triggered during this period,
as the beam is at the beginning of the scan when no
data is yet to be written.

[0102] The PLL and VCO 140 produces two clocks
(VCO and inverse-VCO), both of which are 16 times as
fast as the PLL clock and the optical clock. Standard cir-
cuitry may be used for this division. Using an
AD9850BRS (available from Analog Devices Corp. of
USA) to perform the division, other divisions (such as
15,999 0r 16.001) can be achieved with a 40 bit accuracy.
This makes it possible to generate any required linear
scaling.

[0103] The VCO clocks are used by logic circuits 144
to produce the start scan signal and a Y-phase signal.
Logic circuits 144 also receive a scale factor and scan
corrections values from a scan correction memory 146.
[0104] In preferred embodiments of the invention, the
VCO clock as generated by the scale has a slightly higher
frequency than the actual desired data stream frequency
to the modulators. This built in error and other errors of
the system are corrected by a clock generating scheme
illustrated in the clock trace of Fig. 13. It will be noted that
the signal shown in this line utilizes both the VCO clock
and the inverse-VCO clock to form the X-Clock (the data
clock). It will be noted that each pair of switches between
the clocks results in the loss of a single count. Thus, with
the count frequency of the VCO clock set purposely high,
it is possible to reduce the frequency, to the extent nec-
essary, to the required frequency. Logic 144 produces a
frequency of switches sufficient to correct for the follow-

ing:

1) The purposely high VCO frequency caused by
scale predistortion. This frequency may be about
0.75% high.

2) A scale factor of the boards, as described below.
3) Position errors between the scale measurement
and the position of the writing beam. These errors
occur primarily because the two beams do not follow
the same path and the scanning lens, while telecen-
tric, has some residual non-telecentric errors. Thus,
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the offset between the beams and the differentlength
ofthe beams results in some smallrepeatable errors.
The value of these errors is stored in correction mem-
ory 146.

[0105] The logic also generates a start scan signal,
preferably from the optical clock itself, as described
above. This signal is supplemented by a y-phase signal
which determines the actual synchronization between
the polygon and the y motion of the table.

[0106] It should be understood that for simplicity of ex-
planation, other data corrections have not been de-
scribed. Preferably, however, known errors in the scan
readings are taken into account in determining the data
sent to the modulator. A further correction is made for a
timing delay between the electrical clock based data
switching and the impingement of the optical beam on
the board. As a result of the timing delay there will be an
additional positioning delay in the scanning direction de-
pending for example on the current polygon speed. In a
preferred embodiment of the invention an autoalignment
mechanism based on the position measurement system,
as described below (Fig. 14) is used.

[0107] At a table position outside of the area of light
guide 152 (Fig. 14), preferably where the board is not
under the beam, a data signal is sent at a known X-Clock
position. However, delays in the electronic system and
especially in the switching time of modulator 28 will pro-
duce modulation at the board, at an offset time from when
the data is sent. This results in a positioning offset error
at the board. This positioning error is mainly a factor of
the polygon speed. To measure the position offset after
changing polygon speed, a data signal is sent to the mod-
ulator at a fist x-position and the light signal from the light
pipe is received at a second x-position.

[0108] The numberof X-Clock pulses between firstand
second positions now represents a timing delay and is
used as an additional delay for X-Clock generator.
[0109] It should be understood that several timing de-
lays at several X-Clock positions may be used to provide
better accuracy.

[0110] The systemalso preferably includes a test clock
used to test the circuitry without having to turn on the
laser.

PC BOARD ALIGNMENT

[0111] In accordance with preferred embodiments of
the present invention, alignment of the data to the board
is with reference to through holes, as in the prior art.
Writing on boards in an absolute position is particularly
important when writing on boards that have already been
written on, such as the second side of a layer to be used
within a multi-layer board or the outside of a multi-layer
board. However, unlike the prior art systems in which the
holes on the board were mechanically aligned with the
scanner, in preferred embodiments of the invention, the
holes on the board are optically aligned with the scan
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data. Preferably, the system used for writing on the print-
ed circuit board, including the scan and cross-scan po-
sitioning mechanism is utilized for determining the pre-
cise position of the holes and hence of the board on the
scanner. In preferred embodiments of the invention, the
data is matched to the position of the board by rotating
the board to correct for angular misalignment of the board
with the data and/or by selective delays of the scan line
datain both the scan and cross-scan directions, to correct
for residual scan positional misalignment. Preferably,
cross-scan misalignment is corrected by delaying or ad-
vancing the data in the cross-scan direction. Generally,
all three corrections are carried out.

[0112] In an alternate preferred embodiment of the in-
vention, the data itself is transformed to the measured
coordinate system by rotating and translating the data to
match the measured position. However, it is difficult to
make these transformations on-line, so that the hybrid
alignment of the data with the position, described above,
is preferred for high throughput scanners where on-line
transformations from the data base is desirable.

[0113] Fig. 14 is a schematic representation of a posi-
tion measurement system, in accordance with a pre-
ferred embodiment of the invention. PC board 78 is
formed with a plurality of holes 150, preferably with three
holes as shown. Table 79 is not shown in Fig. 14, but it
is also formed with holes underlying and somewhat larger
than holes 150. Beneath the table a light guide 152, coat-
ed on top with a fluorescent material, receives light that
passes through the holes and illuminates a detector 153
with the light. When the beam passes through a hole,
detector 153 will produce a signal. When the beam is
blocked by the PC board, detector 153 produces no sig-
nal. The signal from detector 153 is fed, together with the
beam x-position and the beam y-position into a position
calculator and memory 155. The position calculator and
memory determines the edge of the hole from the posi-
tions of the beam (both scan and cross-scan directions)
when the signal changes from off to on and from on to
off. From this edge, the actual position of the center of
the holes is determined.

[0114] The center position of all three holes 150 is sent
to a position error calculator 156. Calculator 156 also
receives (or has in storage) a nominal position of the
holes. Based on the difference between the actual and
nominal positions of the holes, a rotation correction unit
157 determines arequired rotation for the table. Arotation
mechanism 158 accurately rotates the table by a desired
amount prior to scanning in order to align the x-y axes of
board 78 to the respective axes of the scanner system.
In addition, a position correction module 160 determines
a relationship between the position of the table and the
position of the area to be written. This relationship is used
to correct the position of the data sent to modulator 28
by data control 100.

[0115] Inaddition, a scan direction scale factor (shown
on Fig. 12) may be calculated based on a difference from
nominal of the distance between the holes. In a preferred



25 EP 1 569 037 B1 26

embodiment of the invention, additional holes 150’ may
be provided, such that the cross scan distance between
holes 150 and holes 150’ may be determined. This dis-
tance (compared to a nominal distance) may be used to
scale input data in the cross-scan direction. Alternatively,
the same scale factor can be used in both directions. This
scale correction is used when actually writing on the PC
board to scale the data as described above.

[0116] Itis not desirable to expose the photoresist on
board 78 during the hole position determination. This can
be achieved by either reducing the power so that the
beam 16 is not powerful enough to expose the photoresist
or by limiting the irradiated region to the region of the
holes, which are not part of the pattern to be written.
[0117] Itshould be understood that Fig. 14 is very gen-
eralin nature and is generally functional. Other electronic
structures may be useful to carry out the position deter-
mination or they may be carried out in whole or in part in
software or firmware.

[0118] Inpractice, after one side of the board is written,
the board is turned over. The left most hole of Fig. 14
has moved near to the right edge of the table and is placed
over an additional hole in the table at its new position.
The middle holes, which are preferably symmetrically
placed, just switch positions. Again the positions of the
holes are calculated and the second side is written using
the respective positions of the holes as a reference to
determine the positions, corresponding to the pattern
written on the first side, at which the patternforthe second
side should be written. It should be noted that asymmetric
positioning of the holes results in automatic detection of
the side of the board.

[0119] In general, a number of layers would be ex-
posed in this manner and then etched. In general, when
layers (even different layers) are produced in a batch,
the dimension change for all of them will be about the
same. The layers are stacked, preferably using the holes
as a guide, but using other means, such as X-ray images
as known in the art, to align the layers, which are then
laminated to each other. Outer layers (which are, at this
point completely covered, on their outside, with copper)
are part of the stack. As in the prior art, holes for vias
and/or mounting are drilled, for example based on X-ray
images. Preferably, holes suitable for use in aligning the
stack for writing on the outside layers are also drilled.
These holes may be used to align the data for the outsides
of the board with the patterns written on the inner layers.
It should be noted that the scale factor for the stack is
usually different from that for the layers, due to pressure
caused distortion in the stacking and attachment proc-
ess.

[0120] While this method of positioning is preferred,
for some preferred embodiments of the invention other
alignment methods, such as mounting holes (in the
boards) and pins (on the table) may be used.

[0121] Optionally, the table may be supplied with po-
sitioning pins and the board with holes used to roughly
align the boards, prior to the application of the above
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position determination and correction methodology. In
this manner, the required rotational corrections and the
data position corrections are minimized.

[0122] Inapreferred embodimentofthe invention, light
guide 152 is 10 mm high by 10 mm vide. Preferably, only
a single beam segment is illuminated. The beam may be
focused at the PC board or alternatively the beam may
be purposely defocused so that the "optical edge” is not
sharp. This would result in a ramp function for the light,
as a function of position. Such functions can be used to
determine the position of the edge to sub-pixel dimen-
sions, from a plot of brightness as a function of position.
In an alternative preferred embodiment of the invention
(not shown) individual detectors, one beneath each hole
are used instead of guide 152 and detector 153.

DETERMINATION OF CROSS-SCAN ERRORS

[0123] As indicated above two types of cross-scan er-
rors are to be determined and corrected. One of these is
the cross-scan position error which may vary as a func-
tion of polygon angular position and is corrected utilizing
the methodology discussed in conjunction with Fig. 11.
The other is cross-scan angular and slowly varying offset
which are corrected as described in conjunction with Fig.
7B.

[0124] Incorrect placement of the beam in the cross-
scan direction, at acoustic modulator 28 may be deter-
mined relatively easily. To make this determination, the
beam is scanned across light pipe 152 (in the absence
of the table) and the signal from detector 153 is meas-
ured. This scanning is repeated a number of times with
either successive ones or small groups of scan lines be-
ing activated. If the beam is correctly placed at the mod-
ulator, a plot of the beam power as a function of modulator
segment number will have a Gaussian shape centered
between the middle two segments. If it is offset from the
center of the modulator (whether extra channels as in
Fig. 6 are provided or not) the center of the Gaussian
shape will be offset. This offset may be determined by
determining the center of a fitted Gaussian to the plot of
beam power as a function of modulator segment.
[0125] Figs. 17A and 17B are side and top views of a
portion of the scanner used in a preferred method for
determining cross-beam angular offset. In Fig. 17, the
elements are given the same numbers as in earlier Figs.,
with new elements 300 signifying the focal plane and 302
signifying a fiducial for angular shift.

[0126] As seenin Fig. 17A, an angular error will man-
ifest itself in an offset in the cross-scan direction, of the
position at which the beam contacts light guide 152. Fi-
ducial 302 preferably comprises an opaque material in
which a slit 304 is formed. Slit 304 is placed at an angle
to the scan and cross-scan directions. It will be noted
(from Fig. 17B) that the position of the beam in the cross-
scan direction is different at the focal plane and on the
light guide. This difference in position in the cross-scan
direction is transformed into a difference of time (and thus
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position in the scan direction) by slit 304. As indicated, a
pulse will be collected by detector 153 from the fiducial
only when the beam crosses the fiducial. This scan po-
sition may be measured using the x-position measuring
system, including scale 80 which measures position at
the focal plane. The angular offset can be derived from
the error in position (time) of the received pulse.

[0127] It was noted above that wobble of the polygon
causes no appreciable movement of the beam in the
cross-scan direction, by design of the optical system.

THE SCALE

[0128] Scale 80 has a number of features to improve
the accuracy and reliability of the position measurement.
As already mentioned, the facet cuts a portion of light out
of the expanded Gaussian distributed test beam 18. As
a result, the total power of the forward beam is lower in
the outer portions of the scan than in its center. Further-
more, as the scanning lens isn’t completely telecentric,
the beam is reflected in a different direction, in the scan
direction, from the incident beam. As a result, the reflect-
ed beam does not impinge on the facet in the same po-
sition as the incoming beam. The reflected beam is then
cut again by the facet, depending on the telecentric error.
[0129] The telecentric error characteristics usually
have the general form © = a=X + b*X3, where O is the
telecentric error, X is the scan position, symmetrically
measured from the center of the scan, and a and b are
constants.

[0130] To overcome this problem, in a preferred em-
bodiment of the invention, the surface of the scale is con-
toured, in the scan direction, such that the beam is re-
flected in the same direction as the incident beam (i.e.,
perpendicular to the scale). This can be achieved if the
scale has a surface with a contour having the form Z =
c*X2 + d=X4, where Z is the deviation from flatness of
the scale. However, due to focal depth considerations,
the offset is limited to about 0.5 mm.

[0131] However, this correction is not complete. As a
result, at some scan positions, especially in the middle
of the scan, the amplitude of the signal based on the
reflected beam is in saturation and the on period is sub-
stantially greater than the off period. In other positions,
especially atthe ends of the scale, the off periodis greater
than the on period. Since the generation of the data clock
is conveniently based on thresholding the signal, this can
lead to timing errors, especially if the off period amplitude
does not fall below the threshold or the on period ampli-
tude does not rise above it. In a preferred embodiment
of the invention, the sizes of the reflecting and non-re-
flecting portions of the scale are varied with position, such
that the on and off periods of the signals are the same.

VACUUM CHUCK FOR THE PC BOARD

[0132] During the cycle of measurement of position
and scanning, it is important that the printed circuit board
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remain in place. This problem is complicated by the fact
that, even when positioning pins are used, they are not
accurate enough for positioning. Thus, a vacuum chuck
is preferably used to hold PC board 78 in place on table
79.

[0133] Fig. 15 is a perspective view of the scanner of
Fig. 1 with table 79 in an extended position and PC board
78 removed from the table. Table 79 is formed with a
segmented surface 200, shown more clearly in Fig. 16.
Segmented surface 200 is preferably formed of a series
oftruncated pyramids, with the tops of the pyramids form-
ing a flat surface. Surface 200 is further formed with one
or more vacuum outlets 202 from which air can be
pumped in either direction. If the entire surface is covered
and air is pumped out through outlets 202, the vacuum
thus formed is distributed throughout the channels be-
tween the pyramids and the entire surface of the covering
is held down by the vacuum.

[0134] In practice, most PC boards can not be placed
directly on the truncated cones, since most PC boards
are smaller than the entire surface. Thus, any potential
vacuum would escape at the edges of the boards. Fur-
thermore, many PC boards have holes drilled in them
before they are exposed, so that vacuum would escape
through them as well.

[0135] In accordance with a preferred embodiment of
the invention, an intermediate plate 204 is placed be-
tween surface 200 and PC board 78. Plate 204 is de-
signed to act as a vacuum distributor for a specific design
of PC board. Plate 204 will typically have a large number
of holes 205, but only in areas to be covered by solid
regions of the PC board.

[0136] It will be noted from Figs. 15 and 16 that the
end of table 200 has a different structure from that of
surface 200. Preferably, where a position measurement
system described above is used, the table will be formed
with holes 206 corresponding to holes 150 on the printed
circuit board and holes 207 formed in plate 204. It should
be understood that holes 206 and 207 are substantially
larger than holes 150, so that they do not interfere with
the alignment of board 78 described above. It will also
be noted that optional pins 208 are provided on the top
of table 79 for rough positioning of the PC board. These
pins mate with holes 210 in PC board 78 and 212 in plate
204.

[0137] It will also be noted that due to the presence of
holes in the table, the truncated pyramid structure is not
used for the end of the table. Rather, a series of channels,
connecting to the valleys of the pyramids is preferably
used to provide hold-down vacuum at the end of the table.
[0138] In accordance with a preferred embodiment of
the invention, removal of the PC board, after writing is
completed is aided by the provision of compressed air to
the bottom of the board via holes 202 and valleys of the
pyramids. This compressed air lifts the board slightly
making it easier to remove.

[0139] A vacuum chuck as described above has the
further advantage that the entire board is pressed toward
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and referenced with a flat surface (the truncated tops of
the pyramids). Thus, the entire board is at the same focal
plane.

[0140] It should be understood that the detailed de-
scription of the preferred embodiment of the invention,
described above, is intended to be exemplary in nature
and not to be limiting. In particular, the preferred embod-
iment contains many features and details that are not
absolutely necessary for the invention, although they
may provide for optimum operation of the system. Fur-
thermore, while particular circuitry and other structure is
disclosed for the preferred embodiment, it will be evident
to the skilled reader that other structure may be substi-
tuted for the described structure. Furthermore, it should
be understood that the term printed circuit board, as used
herein also includes other large similar structures, such
as flat panel displays, which are written on by similar
techniques. Finally, the described apparatus and method
include many ideas and aspects which, even when close-
ly related, may be separately applied to practical scan-
ning systems. It should not be inferred, based on the
detailed description, that these ideas and aspects must
be applied together, nor should the use of section head-
ing be considered to limit the scope of the invention.
[0141] Asused in the disclosure and claims, the terms
"comprise” or "include" or their conjugates mean "includ-
ing but not limited to".

Claims

1. A method of determining the position of a surface in
relation to a scanning beam in a scanner, the method
comprising:

providing the surface with at least two holes
(150);

scanning the surface at least in the vicinity of
the holes with the beam;

detecting (153) the beam when it is in positions
at which it passes through the holes;
determining positions, in a scanner reference
frame, of the beam at least at those positions
where the beam is at an edge of the hole; and
determining the positions of the holes, in the
scanner reference frame, based on a determi-
nation of the positions of the edges of the holes.

2. A method according to claim 1 wherein the position
of the edges of the holes (150) are determined over
the entire circumference of the holes.

3. A method according to claim 1 or claim 2 and includ-
ing:

determining a distance between the two holes;
comparing the determined distance to a design
distance; and

10

15

20

25

30

35

40

45

50

55

16

determining a scaling factor for data to be written
on the surface by the scanner from said com-
parison.

4. A method according to claim 3 and further including:

providing at least one additional hole (150’) in
the surface positioned non-colinearly with the at
least two holes (150);

determining the position of the at least one ad-
ditional hole;

determining a further distance between the at
least one additional hole and at least one of the
at least two holes;

comparing said further distance with a design
further distance; and

determining at least one scaling factor for data
to be written on the surface by the scanner from
said comparison of the further distance and the
design further distance.

5. A method according to claim 4 wherein determining
the position of a hole comprises determining the po-
sitions of points on the edge of the hole and comput-
ing the position of the center of the hole based on
the determined positions of the edge positions.

6. A method according to any of claims 1 - 5 and in-
cluding:

comparing the positions of the holes to a design
position.

7. A method according to claim 4 and including:

correcting one or both of the position of the sur-
face and the positioning of data to be written on
the surface based on said comparison.

8. A method according to claim 7 wherein correcting
comprises rotating the surface.

9. A method according to claim 7 wherein correcting
comprises rotating the data.

10. A method according to any of claims 7 - 9 wherein
correcting comprises translating the relative posi-
tions of the surface or the data.

11. A method according to any of claims 7 - 10 and in-
cluding:

correcting the size of data to be written on the
surface based on said comparison.

12. A method according to any of claims 1 - 11 wherein
detecting comprises detection utilizing a same de-
tector (153) for a plurality of holes, wherein the de-
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tector receives energy passing through the holes via
a light-guide (152).

Amethod according to claim 12 wherein lightis trans-
mitted to the detector from a plurality of holes, via a
same light guide (152).

A method according to any of claims 1 - 10 wherein
detecting comprises detecting utilizing a different de-
tector for different holes.

A method according to any of claims 1 - 13 wherein
the surface is determined from the position of the at
least one hole.

A method according to claim 15 wherein the at least
two holes comprise at least three asymmetrically
placed holes and wherein the side of the surface is
determined from the relative positions of the holes.

A method of writing data in a scanner type writing
system, comprising:

providing data for writing on a surface;
measuring the position of at least two features
(150) on a surface;

comparing a distance between the features
(150) to a design distance;

scaling the data based on the comparison; and
writing the scaled data on the surface.

A method according to claim 17 wherein measuring
comprises measuring the position of at least three
non-collinear features (150, 150’) and wherein scal-
ing comprises scaling in two directions with different
scale factors.

A method according to claim 17 or claim 18 wherein
the features are through holes (150, 150’).

20. A method according to any of the preceding claims
wherein the surface is the surface of a metalized
printed circuit board substrate coated with a photore-
sist material.

Patentanspriiche

1. Verfahren zum Bestimmen der Position einer Ober-

flache in Bezug auf einen Abtaststrahl in einem
Scanner, wobei das Verfahren umfasst:

Versehen der Oberflache mit mindestens zwei
Léchern (150);

Abtasten der Oberflache zumindest in der Nahe
der Locher mit dem Strahl;

Erfassen (153) des Strahls, wenn er Positionen
einnimmt, in denen er durch die Locher hin-
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durchgeht;

Bestimmen von Positionen des Strahls zumin-
dest in den Positionen, wo der Strahl sich an
einem Rand des Loches befindet, in einem
Scanner-Bezugsrahmen; und

Bestimmen der Positionen der Lécher im Scan-
ner-Bezugsrahmen auf der Basis einer Bestim-
mung der Positionen der Rander der Lécher.

Verfahren nach Anspruch 1, in dem die Position der
Rander der Lécher (150) tber dem gesamten Um-
fang der Lécher bestimmt wird.

Verfahren nach Anspruch 1 oder 2, ferner umfas-
send:

Bestimmen eines Abstands zwischen den bei-
den Léchern;

Vergleichen des bestimmten Abstands mit ei-
nem beabsichtigten Abstand; und

Bestimmen eines Skalierungsfaktors fiir Daten,
die von dem Scanner auf die Oberflache ge-
schrieben werden sollen, anhand dieses Ver-
gleichs.

4. Verfahren nach Anspruch 3, ferner umfassend:

Versehen der Oberflache mit mindestens einem
zusatzlichen Loch (150’), das nicht-linear mit
den mindestens zwei Léchern (150) positioniert
ist;

Bestimmen der Position des mindestens einen
zusatzlichen Lochs;

Bestimmen eines weiteren Abstands zwischen
dem mindestens einen zusatzlichen Loch und
mindestens einem der mindestens zwei Lécher;
Vergleichen des weiteren Abstands mit einem
beabsichtigten weiteren Abstand; und
Bestimmen mindestens eines Skalierungsfak-
tors flir Daten, die vom Scanner auf die Ober-
flache geschrieben werden sollen, anhand des
Vergleichs des weiteren Abstands und des be-
absichtigten weiteren Abstands.

Verfahren nach Anspruch 4, wobei das Bestimmen
der Position eines Lochs ein Bestimmen der Posi-
tionen von Punkten am Rand des Lochs und ein Be-
rechnen der Position der Mitte des Lochs auf der
Basis der bestimmten Positionen der Randpositio-
nen umfasst.

Verfahren nach einem der Anspriiche 1 - 5, ferner
umfassend:

Vergleichen der Positionen der L6cher mit einer
beabsichtigten Position.

Verfahren nach Anspruch 4, ferner umfassend:
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Korrigieren einer oder beider Positionen der
Oberflache und Positionieren von Daten, die auf
die Oberflache geschrieben werden sollen, auf
der Basis des Vergleichs.

Verfahren nach Anspruch 7, wobei das Korrigieren
das Drehen der Oberflache umfasst.

Verfahren nach Anspruch 7, wobei das Korrigieren
das Drehen der Daten umfasst.

Verfahren nach einem der Anspriiche 7 - 9, wobei
das Korrigieren das Versetzen der relativen Positio-
nen der Oberflache oder der Daten umfasst.

Verfahren nach einem der Anspriiche 7 - 10, ferner
umfassend:

Korrigieren der GroRRe der Daten, die auf die
Oberflache geschrieben werden sollen, auf der
Basis des Vergleichs.

Verfahren nach einem der Anspriiche 1 - 11, wobei
das Erfassen ein Erfassen unter Verwendung des
gleichen Detektors (153) fir eine Vielzahl von L&-
chern umfasst, wobei der Detektor Energie, die
durch die Lécher hindurch geht, iber einen Lichtlei-
ter (152) empfangt.

Verfahren nach Anspruch 12, wobei Licht von einer
Vielzahl von Léchern Gber ein und denselben Licht-
leiter (152) zum Detektor Gbertragen wird.

Verfahren nach einem der Anspriiche 1-10, wobei
das Erfassen ein Erfassen unter Verwendung unter-
schiedlicher Detektoren flir unterschiedliche Locher
umfasst.

Verfahren nach einem der Anspriiche 1-13, wobei
die Oberflache aus der Position des mindestens ei-
nen Lochs bestimmt wird.

Verfahren nach Anspruch 15, wobei die mindestens
zwei Locher mindestens drei asymmetrisch ange-
ordnete Lécher sind und wobei die Seite der Ober-
flache aus den relativen Positionen der Lécher be-
stimmt wird.

Verfahren zum Schreiben von Daten in einem Scan-
ner-Schreibsystem, umfassend:

Bereitstellen von Daten, die auf eine Oberflache
geschrieben werden sollen;

Messen der Position von mindestens zwei Merk-
malen (150) auf einer Oberflache;

Vergleichen eines Abstands zwischen den
Merkmalen (150) mit einem beabsichtigten Ab-
stand;
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Skalieren der Daten auf der Basis des Ver-
gleichs; und

Schreiben der skalierten Daten auf die Oberfla-
che.

Verfahren nach Anspruch 17, wobei das Messen ein
Messen der Position von mindestens drei nicht-kolli-
nearen Merkmalen (150, 150’) umfasst, und wobei
das Skalieren ein Skalieren in zwei Richtungen mit
unterschiedlichen Skalierungsfaktoren umfasst.

Verfahren nach Anspruch 17 oder Anspruch 18, wo-
bei die Merkmale Durchgangslécher (150, 150°)
sind.

Verfahren nach einem der vorangehenden Anspru-
che, wobei die Oberflache die Oberflache eines me-
tallbeschichteten Leiterplattensubstrats ist, die mit
einem Photoresistmaterial beschichtet ist.

Revendications

Procédé de détermination de la position d’'une sur-
face parrapport a un faisceau laser dans un dispositif
a balayage, le procédé comprenant les étapes con-
sistant a :

- réaliser au moins deux trous (150) dans la
surface ;

- balayer la surface, au moins au voisinage des
trous, avec le faisceau ;

- détecter (153) le faisceau lorsqu'’il se trouve a
des positions auxquelles il traverse les trous ;
- déterminer des positions, dans un cadre de
référence de dispositif a balayage, du faisceau,
au moins aux positions dans lesquelles le fais-
ceau se trouve a un bord du trou ; et

- déterminer les positions des trous, dans le ca-
dre de référence de dispositif a balayage, sur la
base d'une détermination des positions des
bords des trous.

Procédé selon la revendication 1, dans lequel la po-
sition des bords des trous (150) est déterminée sur
toute la circonférence des trous.

Procédé selon la revendication 1 ou la revendication
2 et comprenant les étapes consistant a :

- déterminer une distance entre les deux trous ;
- comparer la distance déterminée a une distan-
ce de référence ; et

- déterminer un facteur d’échelle pour des don-
nées devant étre écrites sur la surface par le
dispositif a balayage a partir de ladite compa-
raison.
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Procédé selon la revendication 3 et comprenant en
outre les étapes consistant a :

-réaliser au moins un trou supplémentaire (150°)
dans la surface, positionné de fagon non coli-
néaire avec les au moins deux trous (150) ;

- déterminer la position du ou des trous
supplémentaires ;

- déterminer une autre distance entre le ou les
trous supplémentaires et au moins I'un des au
moins deux trous ;

- comparer ladite autre distance avec une autre
distance de référence ; et

- déterminer au moins un facteur d’échelle pour
des données devant étre écrites sur la surface
parle dispositif a balayage a partir de ladite com-
paraison de 'autre distance et de I'autre distan-
ce de référence.

Procédé selon la revendication 4, dans lequel la dé-
termination de la position d’'un trou comprend la dé-
termination des positions de points sur le bord du
trou et le calcul de la position du centre du trou sur
la base des positions déterminées des positions du
bord.

Procédé selon I'une quelconques des revendica-
tions 1 a 5 et comprenant I'étape consistant a :

- comparer les positions des trous a une position
de référence.

Procédé selon la revendication 4 et comprenant
I'étape consistant a :

- corriger I'un ou les deux parmi la position de
la surface et le positionnement de données de-
vant étre écrites sur la surface sur la base de
ladite comparaison.

Procédé selon la revendication 7, dans lequel la cor-
rection comprend la rotation de la surface.

Procédé selon la revendication 7, dans lequel la cor-
rection comprend la rotation des données.

Procédé selon I'une quelconque des revendications
7 a9, dans lequel la correction comprend la trans-
lation des positions relatives de la surface ou des
données.

Procédé selon I'une quelconque des revendications
7 a 10 et comprenant I'étape consistant a :

- corriger la taille des données devant étre écri-
tes sur la surface sur la base de ladite compa-
raison.
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Procédeé selon I'une quelconque des revendications
1 a 11, dans lequel la détection comprend la détec-
tion a l'aide d’'un méme détecteur (153) pour une
pluralité de trous, le détecteur recevant de I'énergie
traversant les trous par I'intermédiaire d’un guide de
lumiére (152).

Procédé selon la revendication 12, dans lequel la
lumiére est transmise au détecteur a partir d’'une plu-
ralité de trous, par I'intermédiaire d’'un méme guide
lumiére (152).

Procédé selon I'une quelconque des revendications
1 a 10, dans lequel la détection comprend la détec-
tion a l'aide d’un détecteur différent pour différents
trous.

Procédé selon I'une quelconque des revendications
1a 13, dans lequel la surface est déterminée a partir
de la position du ou des trous.

Procédé selon la revendication 15, dans lequel les
au moins deux trous comprennent au moins trois
trous placés de maniére asymeétrique et dans lequel
le c6té de la surface est déterminé a partir des po-
sitions relatives des trous.

Procédé d’écriture de données dans un systéme
d’écrite de type dispositif a balayage, comprenant
les étapes consistant a:

- mettre a disposition des données destinées a
étre écrites sur une surface ;

- mesurer la position d’au moins deux caracté-
ristiques (150) sur une surface ;

- comparer une distance entre les caractéristi-
ques (150) a une distance de référence ;

- mettre a I'échelle les données sur la base de
la comparaison ; et

- écrire les données mises a I'échelle sur la sur-
face.

Procédé selon la revendication 17, dans lequel la
mesure comprenant la mesure de la position d’au
moins trois caractéristiques non colinéaires (150,
150’) et dans lequel la mise a I'échelle comprend la
mise a I’échelle dans deux directions avec différents
facteurs d’échelle.

Procédé selon la revendication 17 ou la revendica-
tion 18, dans lequel les caractéristiques sont des
trous traversants (150, 150’).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la surface est la surface
d’un substrat de carte de circuits imprimés métallisé,
revétu d’'un matériau de photorésist.
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